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ABSTRACT 

The engineering profession has responded to the issue of sustainable development in two main ways. It has responded 
through public policy statements that acknowledge the magnitude of the problem in addition to pledging to steer engi- 
neering towards a more sustainable future, and it has also responded more directly through technological innovation. In 
this paper, these two responses will be explored with respect to the debate on how to operationalize sustainability prin- 
ciples in practical terms. This paper also attempts to provide the rationale for a philosophy of engineering ethics 
grounded in the notion of sustainable development. It is hoped that this would lead to a revised “social contract” that 
would enable engineers to engage more actively in political, technical, economic and social discussions and processes. 
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1. Introduction 

Engineering, perhaps more than any other profession, has 
an opportunity to contribute to the “nuts and bolts” of 
sustainable development [1]. However, sustainable de- 
velopment will require a move away from a traditionally 
isolated engineering design process to one that is not 
only open but which incorporates a broad set of people 
into the decision making process. It has been argued that 
the design process should concentrate more on the de- 
velopment of quality of life and not just on the develop- 
ment of products. As such, the main issue in engineering 
design would no longer only be the technical outcome 
but also “who manages the process and how quality of 
life is defined and agreed upon, taking into account the 
potential of different technologies [2]”. This would ne- 
cessitate a new model of solving engineering problems 
whereby individual engineers would be guided to a large 
degree by their direct interaction with society. 

The move towards a more open way of managing this 
process “would require that engineers develop a new, 
inclusive and diverse network of relationships with peo- 
ple who they have traditionally thought of as ‘outsiders’ 
in the technology development process [2]”. This net- 
work of relationships could potentially include ecologists, 
environmental activists, ethicists, social activists, gov- 
ernment agencies and members of the public. An open 
approach to solving engineering problems would, among 
other things, hopefully open up the exploration of a wide 
range of non-traditional solutions to engineering prob- 

lems. 
Recently, non-traditional engineering solutions have 

begun to be recognized as viable sustainable engineering 
options. For example, one evolving area that is being 
explored for non-traditional solutions to engineering prob- 
lems is biomimicry. Recent studies have determined that 
nature might be able to provide sustainable solutions to 
engineering problems. These studies have involved in- 
vestigating novel ways to cool buildings, collect water in 
the desert, and keep pipes from clogging with scale. As 
an example of one such study, it has been found that the 
shells of marine mollusks may be able to provide a sus- 
tainable answer to the problem of controlling pipe-clog- 
ging calcium carbonate buildup. A snail shell is made of 
calcium carbonate but the snail can control the size of its 
shell by releasing proteins that adhere to the growing 
face of the shell and halt further growth. A commercial 
product is now being developed to mimic the mollusk’s 
protein use, hopefully creating a biodegradable substance 
that can be flushed through pipes to remove scale build- 
up. 

This is but one of many examples of how non-tradi- 
tional solutions to engineering problems can aid in op- 
erationalizing sustainability principles in practical terms. 
As engineers continue to address the difficult issue of 
putting sustainability principles into practice, it will be- 
come increasingly important for engineers to seek alter- 
native solutions to engineering problems. This is particu- 
larly important since it is likely that some of these non- 
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traditional solutions might provide truly sustainable solu- 
tions to a wide variety of problems and issues in both 
developed and developing countries. 

In order to facilitate the development of non-tradi- 
tional solutions to engineering problems, alternative ap-
proaches to solving engineering problems is necessary. It 
has been argued that sustainable development would 
benefit from a more holistic approach to the study of 
engineering problems and the subsequent development of 
solutions to these problems. The widely accepted belief 
that engineering is just a process to develop and imple- 
ment a chosen solution amid several purely technical 
options needs to be confronted. A more holistic approach 
to solving engineering problems necessitates an aware-
ness of the interactions between engineered and non- 
engineered systems, the inclusion of non-technical issues, 
and a system approach rather, than a more traditional 
“Cartesian” approach [3]. It can be argued that such an 
approach suggests a need to redefine the boundaries of 
the problems that engineer’s address. As mentioned be- 
fore, it should no longer be considered sufficient to sim- 
ply consider a technical system “without wider and deeper 
consideration of the values and views of a diversity of 
stakeholders (environmentalists, politicians, the public, 
interest groups, the media) and the interaction of tech- 
nology with these different elements in society [2]”. 

This new approach to solving engineering problems 
will also necessitate a re-appraisal of the time horizon of 
technological decision-making. There have been numer-
ous “examples of ‘optimal’ technical solutions, derived 
from a narrow, short-term view, which have given rise to 
unanticipated interactions and outcomes, both socially 
and environmentally [4]”. As part of a new holistic ap- 
proach, a solution to this particular problem would be “to 
envision the desired future state of world and derive so- 
lutions today that enable that future to be achieved [4]”. 
This process is commonly known as backcasting. 

A worldwide transition to a more holistic approach to 
engineering and business will require, among other things, 
a need to develop standards and codes of practice which 
go beyond physical analysis and traditional guidance on 
strength, efficiency, durability, product functionality, 
safety, fire resistance, and so on. At present, sets of eth- 
ics and values are already embedded in numerous social 
institutions that directly affect the engineer and engi- 
neering practice. These include standards and codes of 
practice, professional guidelines and legislation. How- 
ever, in many cases there is a need to add “sustainability 
values” (such as environmental protection and social jus- 
tice to name but two) to more traditional values such as 
efficiency, durability and health and safety. In other cases, 
there is a need to explain and identify sustainable devel- 
opment explicitly as a goal of both engineer and client 
[5]. 

An example of a “sustainability value” that could be 
added is that “just as engineers apply safety factors in 
their design to compensate for uncertainties about the 
strength of their structures, they could also apply safety 
factors to compensate for uncertainties about the envi- 
ronmental consequences of their projects [6]”. It is an- 
ticipated that the development of new guidelines, stan- 
dards and codes of practice that add such “sustainability 
values” to more traditional values will increasingly be- 
come important in the drive to put sustainability princ- 
ples into practice. 

In many cases, standards that were developed as “mi- 
nimum standards” are sometimes regarded as “maximum 
standards” by developers and operators at the local level. 
In addition, these standards are typically “prepared with 
reference to the prevailing models and values of devel-
opment of an earlier period and with reference to the 
narrow albeit ‘professional’ standards of interested trade 
and business association and investors [7]”. It is common 
for these interested parties to then use their lobbying 
power to oppose any increase in the standards that may 
be desirable to achieve more sustainable development. 

It can be argued that standards “in many countries are 
often premised upon technologies, social preferences and 
economic conditions of past decades and rarely establish 
mechanisms to flexibly respond to new technologies and 
market conditions as they arise [7]”. Furthermore, these 
standards often do not go beyond physical analysis and 
traditional guidance on factors such as strength, durabil- 
ity and so on. The consequence of this is that these stan- 
dards “may not only inhibit innovative local initiatives 
but, in a national context, may serve as impediments to 
innovation in the marketplace, thereby further constrain-
ing local sustainable choices [7]”. An example of this is 
residential development standards that are developed to 
ensure consistent standards of building safety and public 
services. These traditional standards are necessary but 
they are often based upon certain technological assump- 
tions that can discourage the application of more sus- 
tainable technologies in local development projects. 

As has been mentioned before, engineers have tradi- 
tionally tended to consider only a fairly narrow set of 
consequences from their actions and these have been 
typically limited to the safety dimension of their designs. 
However, in their capacity as technical experts on whom 
society relies, engineers “are in perhaps the best position 
to also consider the wider and more long-term ramifica- 
tions of their engineering decisions [8]”. In order to em- 
phasize this possibility it would be advisable that taking a 
broader outlook on their work be included as an ethical 
duty for engineers. In a revised code of ethics or code of 
practice, engineers could be “ethically required to take 
into account the particular local contexts for which their 
designs are intended, the effects of the rapid spread of 
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their designs throughout the world, and the effects of 
their work on the variety of human values as they exist in 
varying forms in different societies [8]”. 

2. Reconciling the Conflict between the  
Engineers Duties to the Client or  
Employer versus a Wider Responsibility 
to the Environment and the Community 

Putting sustainability principles into practice raises the 
issue of a potential conflict of loyalties for engineers 
between their duty of loyalty to their employer and their 
duty of loyalty to the public and the environment. It can 
be argued that many engineers in large corporations are 
subjected to a variety of legal and organizational con-
straints “that do not permit the necessary decision-mak- 
ing autonomy required in order to hold engineers respon-
sible for the societal and environmental risks of technol-
ogy [1]”. 

The “received view” sees the engineer, who does not 
have the complete autonomy needed to be an ethical en-
gineer, in endless disagreement with corporate manage-
ment, who habitually ends up overruling engineering judge- 
ment regarding technological designs because of their 
continual pursuit of the bottom line. Of course, this is not 
necessarily always the case but it can be argued that this 
type of situation nevertheless frequently prevents engi- 
neers from putting sustainability principles into practice. 
The blacklisting, harassment, and firings that often con- 
fronts whistleblowers underscores the organizational con- 
straints often imposed on engineers who speak out in the 
public interest. 

It has been argued, however, that the “greening of busi- 
ness and technology policy may be the solution to the 
seemingly intractable dilemmas the ethical engineer con- 
fronts when trying to reconcile business interests with the 
public interest [1]”. Changing conditions in corporate 
culture might offer the chance for engineers to finally 
begin exercising what some have called one’s “right to 
be an ethical engineer”. Through their codes of ethics, 
professional engineering societies have begun to make 
preliminary but nevertheless important commitments to 
sustainable development. Sustainable development will 
require “fundamental changes and a restructuring of the 
relationships between individuals and professions, and 
between professions, society, and the environment [9]”. 
It has been argued that a new or revised “social contract” 
between the engineering community and society would 
aid in instigating these fundamental changes. 

In general, the engineering profession as a whole has 
essentially demonstrated that it is capable and eager to 
contribute to sustainability. In turn, society has a “re- 
sponsibility to fulfill its side of the contract by providing 
funding, state-of the art research facilities” and “appro- 
priate career opportunities conducive to sustainable en- 

gineering practices and innovations, as well as providing 
opportunities for engineers to inform and participate in 
the decision-making process regarding technology policy 
[1]”. 

It is anticipated that if each group truly strives to honor 
its commitments, then it is possible that a new “social 
contract” will evolve between the engineering commu- 
nity and society in which ethical dimensions will play a 
central and guiding role. It is hoped that this new “social 
contract” between engineers and society would finally 
allow engineers to practice their “right” to ethical engi- 
neering. This in turn could potentially aid engineers in 
avoiding narrow technocratic goals that frequently result 
in rigid requirements when only the “bottom-line” is at 
issue. However, it has been pointed out that the fear is 
that “despite proclamations that engineers have an ethical 
responsibility to endorse the principles of sustainable 
development, questions of just distribution and other ques- 
tions of equity are often ignored when engineers consider 
sustainable development policies [1]”. A new “social 
contract”, in conjunction with a new philosophy of engi- 
neering ethics that is grounded in a non-utilitarian ethic, 
might be able to largely avoid such problems. 

It has been argued that there are at least two viable 
ethical philosophies which engineers often follow when 
they take into account their social responsibilities to- 
wards sustainable development. One of these ethical phi- 
losophies is utilitarian in nature while the other one is 
more duty-based. An example of a utilitarian ethic “is the 
widespread and almost exclusive use of risk-cost-benefit 
analysis in all major technology assessment strategies 
used by engineers [1]”. However, it is questionable whether 
a wholly utilitarian ethic can support a philosophy of 
engineering ethics based on sustainable development due 
to the many ethical deficiencies linked to such risk-cost- 
benefit methodologies. Two such ethical deficiencies 
include “the value-of-life problem, and problems of dis- 
tributive, social, intergenerational, and ecological justice 
[1]”. 

The various limitations of the established utilitarian 
ethical system has inspired the advancement of alterna- 
tive ethics that could potentially aid engineers in working 
out how to articulate their duties, obligations and respon- 
sibilities for sustainable development. For example, the 
moral deficiencies of utilitarian ethics have led some 
individuals to promote a philosophy of engineering ethics 
that is based on a doctrine of informed consent and not 
just “utility maximization”. It has been argued that “since 
no engineering project is ever totally free from risk, most 
engineering projects can and should be interpreted as an 
‘experiment’ on a social scale [1]”. Since engineering 
“experiments” will have an effect on the public, it is ar- 
gued that the concerns of the public should be explicitly 
considered in engineering projects and other technologi- 
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cal progress. This means that the public needs to be in- 
formed of all the potential risks in addition to the benefits 
of a proposed technological innovation and it must in 
some way give consent [10]. It follows from this “that 
the moral relationships existing between engineers and 
the public should be grounded along the lines of an ethic 
of informed consent [1]”. 

It should be noted that this “social experimentation 
model” and its principle of informed consent also has its 
problems. Nevertheless, it does put forward a workable 
alternative to the traditional utilitarianism of much of 
engineering thinking, and it is likely that this alternative 
“could better ground the social responsibilities of engi- 
neers and their commitment to the ideals and practice of 
sustainable development [1]”. Such an approach would 
hopefully facilitate the development of the previously 
discussed “social contract” between engineers and soci- 
ety. 

If a new “social contract” is created, based in part on 
non-utilitarian ethics such as the social experiment model, 
then it is possible that conflicts between an engineer’s 
duties to their employer versus their duties to the envi- 
ronment and society might be resolved. Engineers have 
usually seen themselves serving three “clients”: their 
clients or employers; society at large; and their profes- 
sion. If engineers manage to genuinely integrate princ- 
ples of sustainable development into their designs as well 
as their attitudes, they might be able to at last satisfy their 
duties to all three “clients”. To their employers and cor-
porate superiors, they could assume leadership roles in 
the cultural shift toward sustainable development. To 
society, they could assume “leadership roles in enhanc- 
ing public perception and understanding of risk, as well 
as helping to improve the quality of technology-intensive 
choices in public policy, particularly when it comes to 
developing sustainable technology [1]”. It is likely that 
all of this would contribute in a very concrete way to- 
wards putting sustainability principles into practice. 

3. Conclusion 

It has been demonstrated that a more holistic approach to 
engineering solutions is necessary and that this somewhat 
non-traditional approach needs to be coupled with the 
development of a new set of more sustainable engineer- 

ing standards and codes of practice. This paper has also 
attempted to provide the rationale for a philosophy of 
engineering ethics grounded in the notion of sustainable 
development. It is hoped that this would lead to a revised 
“social contract” that would enable engineers to engage 
more actively in political, technical, economic and social 
discussions and processes. This in turn would have fun- 
damental implications for the relationship between tech- 
nology and society in addition to the people and profess- 
sions involved in this relationship. Hopefully this would 
help put sustainability principles into practice and thereby 
help set a new direction for the world and its develop- 
ment. 

REFERENCES 
[1] S. Clarke, N. Morris and M. Rhodes, “Managing Engi- 

neering for a Sustainable Future,” Engineering Manage- 
ment Journal, Vol. 10, No. 6, 2002, pp. 275-280. 

[2] M. Davis, “Technical Designs: Time to Rethink the Engi- 
neers Responsibilities?” Business and Professional Ethics 
Journal, Vol. 11, No. 3, 1992, pp. 41-55. 

[3] Forum for the Future, “The Engineer of the 21st Century 
Inquiry: Change Challenges for Sustainability,” Forum for 
the Future, London, 2002. 

[4] W. Evan and M. Manion, “Minding the Machines: Prevent- 
ing Technological Disasters,” Prentice Hall, Upper Saddle 
River, 2002. 

[5] H. Luegenbiehl, “Themes for an International Code of Engi- 
neering Ethics,” Proceedings of the ASEE/WFEO Interna- 
tional Colloquium, 2003. 

[6] M. Manion, “Ethics, Engineering and Sustainable Devel- 
opment,” IEEE Technology and Society Magazine, Vol. 
21, No. 3, 2002, pp. 39-48.  
doi:10.1109/MTAS.2002.1035228 

[7] J. Rentner, “Putting Sustainability Principles into Prac- 
tice,” California Institute of Environmental Studies, Davis, 
2003. 

[8] B. Russell, “Sustainability Issues,” Canadian DND Pub- 
lication, Ottawa, 2001. 

[9] ICLEI, CAG Consultants, UNDESA Division for Sus- 
tainable Development, “Study on National Obstacles to 
Local Agenda 21,” 1998. 

[10] “What is Earth Systems Engineering?” University of Colo- 
rado, Colorado, 2003. 

 

 

http://dx.doi.org/10.1109/MTAS.2002.1035228

